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Cerebral Salt-Wasting
VE Associated With the

Guillain-Barre Syndrome
LT CDR WILLIAM C. COOPER, MC, USN, LT CDR IRVING J. GREEN, MC, USN, AND

SAN-PIN WANG, MD. TAIPEI, TAIWAN, REPUBLIC OF CHINA

INAPPROPRIATE secretion of antidiuretic Report of a Case
Shormone has been implicated as the cause of the A 32-year-old Taiwanese man, a virology, techniia

hyponatremia and renal salt-wasting associated at the US Naval Medical Research Unit No. 2
with certain cases of intracranial and intra- (NAMRU-2), was admitted to Taiwan University Hos-
thoracic disease. Cases of traumatic, infectious, pital on Sept 16, 1961, with the chief complaint of walk-

ing disturbance and pain in the left leg. About four days
and neoplastic intracranial disease, and of neo- prior to admission he began to have headache, pain
plastic thoracic disease have been associated and numbness in the left thigh, and low backache.

I • with the salt-wasting syndrome.14 The follow- These symptoms progressed, the left leg became
: . ing is a report of the simultaneous occurrence weak, and he had difficulty walking by the time of

in a patient of an illness clinically indistinguish- admission. The patiet had no symptoms of upper-
'able from the Guillain-Barr syndrome and of respiratory-tract infection or history of other ante-
[u! ,,• " ,•cedent illness. Rapidly ascending paralysis occurred14 •, an electrolyte disturbance marked by transient during the next few days, and seven days after
loss of renal sodium-conserving ability, plasma admission, he had complete quadriplegia and required
hypo-osmolality, and plasma hyponatremia. respirator treatment. He was transferred to
Immunologic features of this patient's illness NAMRU-2 on Sept 23.

The patient had worked with group-B arboviruses
suggested to us that the etiology of the poly- from October 1960 to September 1961, the time of
radiculoneuropathy was hypersensitivity to onset of illness. This work entailed pipetting virus
viral antigens. suspensions, injecting animals, grinding up infected

animal brains, and infecting monkeys by the intra-
Received for publication Dec 18, 1964; accepted nasal instillation of Japanese encephalitis (JE) virus.

Jan 15, 1965. He was vaccinated with 1 ml of attenuated yellow
Read before the First Asian and Oceanian Congress fever virus 17-D on July 10, 1961, 66 days before

of Neurology, Tokyo, Oct 10, 1963. onset of symptoms of the present illness.
From the Clinical Investigation Department, US Physical examination on admission two days after

Naval Medical Research Unit No. 2 (NAMRU-2). onset of symptoms revealed bilateral facial paresis,
SClinical investigator (Dr. Cooper) and virologist (Drs. complete lower motor neuron quadriplegia, absence ofLf - Green and Wang). Present addresses: Department of all deep tendon reflexes, and paralysis of the inter-

SNutrition and Food Science, Massachusetts Institute of costal muscles. Vagus cranial nerve (X) involvement
Technology, Cambridge, Mass (Dr. Cooper); Uni- was manifested by nasal speech and difficulty in swal-

Sversity of California Medical Center, Los Angeles lowing. There were no pathological reflexes. The
(Dr. Green); Department of Preventive Medicine, abdominal and cremasteric reflexes were absent. Sen-
University of Washington School of Medicine, Seattle sory examination revealed only loss of vibratory and

I (Dr. Wang). position sense in the left foot. The sensorium was
The opinions and assertions contained herein are clear and remained so throughout the illness.

M-1- •those of the authors and are not to be construed as Initial laboratory data were as follows: hemoglobin,
official or reflecting the views of the Navy Department 14 gmi/100 ml; hematocrit reading, 43%; white blood

• or the Naval Service at large. cell count (WBC) 9,250/cu mm; and differential
Reprint requests to Department of Nutrition and count: band forms 6%; segmented forms, 661;

Food Science, Massachusetts Institute of Technology, lymphocytes, 26%; and monocytes, 2%. A fasting
Cambridge, Mass 02139 (Dr. Cooper). eosinophile count was S0/cu mm. Corrected edimen-
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TAN• l..-Hep-2 T•s.• C.ltswe Neit ratintio Test ard tables.' The balance study was continued for an ad-
For POe atir Vw ot PFatiews Sera ditional 23 days. All urine, stool, and vomitus collected

(during the 27-day balance study period) and vere

PoRemY6.ttil Type. anti•n * measured daily. The body weight to the nearest 0.01
"1 kg was determined daily on a bedside scale. Except

1 for the water restriction and parenteral maintenance

saom 1 (7-46a) 40 40 16O period, the patient was allowed water ad lib as tiirst

m 2 (041) 40 so so dictated; salt was given ad lib except during the
Sm(9-6,141) 40 so IGO sodium-restriction period. Sodium intake after the

go= 4(164114) 40 so so parenteral maintenance period was calculated from
the difference in daily weight of the patient's sodium

Taw upmonsd -aselxocl of initisl sem dlution, chloride dispenser plus the amount of sodium in his
food.

tation rate was 42 mm/hr. Lumbar puncture re-

vealed clear cerebrospinal fluid (CSF) with normal On Oct 7, the second lumbar puncture revealed nor-

pressures and dynamics; the fluid contained 240 mal pressures and dynamics; the CSF was clear and

WBCs/cu mm, all lymphocytes; protein, 90 mrg/100 sterile, but contained 25 WBC/cu nun, all lympho-

ml; and sugar, 87 mg/100 ml (simultaneous fasting cytes, and protein 850 mg/100 ml. The spinal fluid

blood sugar was 127 mg/100 ml). The CSF was sugar was normal. These unexpected results, together

sterile and no organisms were seen on a gram-stained with the clinical findings, established the diagnosis of

smear. On Sept 20 plasma electrolytes were: sodium, polyradiculoneuropathy of the Guillain-Barri type.

123 mEg/liter; potassium, 3.9 mEq/liter; carbon The patient continued slowly to regain raumcie fanr-
dioxide, 24.5 mEq/liter; and chloride, 97 mEq/liter, tion. On Jan 5, 1962, the third lumbar puncture re-

Plasma osmolality was 278 mOsm/liter; and venous vealed nomal CSF pressures and dynamic and dl.r

blood pH was 7.40. Normal results were obtained in the fluid containing 12 lymphocytes/cu umn; .rrcei, 'J)

following tests: urinalyses, seruim protei electro- mg/lO0 ml; and sugar, 72 mg/100 ml. He -zs vb.

phoresis, blood urea nitrogen, creatinine, bilirubin, to move all extremities and to sit alone for shoit

thymol turbidity, cephalin flocculation, c9lcium, phos- periods when propped up. Since January graded physi-

phorus, carbon dioxide content, pH, sweat sodium; cal therapy has been used and in March 1962, he was

heteophile agglutination titer; 17-hydroxysteroids/ able to walk a few steps unsupported. In July 1964, he

24-or urine (this test was done three times: Oct 5, was able to walk with crutches, but marked muscle

18, and 23), chest x-ray, and electrocardiogram weakness persisted.

Plasma volume measured on Sept 26, was 2,200 ml at Comment
ten minutes after intravenous injection of Evans
Blue (T-1824); it was 42% of his body weight. Daily The paradoxical association of hyponatremia
creatinine clearances during the first mouth of hos- and hypotonicity of the plasma on the one hand,
pitalization ranged from 80 to 130 ml/minute. On and hypertonicity of the urine and salt-wasting
Sept 18, a virus was isolated from material obtained
by throat swab. It was shown to be JE virus by on the other hand, was first reported by Peters
tissue culture neutralization tests and was reisolated et al in 1950,1 and two years later by Welt et al
from the original material which had been frozen. in patients with encephalitis, cerebral vascular
Stool and CSF cultures did not yield virus. The patient disease, brain neoplasms, and bulbar polio.'
did not develop antibodies to any of the three types
of polio viruses by tissue culture neutralization tests Petrs felt that the cause of the paradox was

(Table 1). The patient was kept in the respirator and probably failure of corticotropin (ACTH) pro-
was given intranasal oxygen and other supportive duction with resultant decreased output by the
treatment. Muscle function began to return and he adrenals of salt-retaining hormone; or that it
was removed from the respirator on Sept 23. From w
Sept 23 to 27, he was given nothing by mouthbt was perhaps a direct nervous influence from
was maintained parenteral fluids (lactated Ringer's the central nervous system to the kidney, modi-

solution; 5% and 10% dextrose in distilled water; fying tubular sodium reabsorption. Welt showed
5% dextrose in isotonic saline; and intravenous pro- in his cases that there was normal adrenal func-
tein hydrolysates (Amigen)--a casein hydrolysate tion, and postulated inability of the proximal
solution). Fluid and electrolyte balance studies weretubule to conserve sodium. In 1957, Schwartz
doee, and the following tests were performed in an

attempt to haacterize the patient's electrolyte dis- et al reported two cases associated with inopera-
turI-nce: sodium lo'' 4 ng, potassium loading, water ble bronchogenic carcinoma, one with wide-
etritOn, water lan sodium restriction, and ad- spread cerebral metastases and the other with
minitmtm of the spironolactoe (Aldactone-A) near infiltration of the vagus nerves in the mediasti-
the end of the sodium-restriction period (Figure). Up- nim and en p omalacia.$ Schwartz gave
on completion of tl.: four-day .dy, the patient was
given weighed food and measured fluids, the electrolyte documentary evidence that the electrolyte defect
composition of whi"h could be etimated by sing stand- arose becamuse of inappropriate secretion of
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antidiuretic hormone (ADH) from the poste- ling mechanism for the secretion of ADH. The
rior pituitary. He showed that the electrolyte response to changes in extraceilular fluid volume
disturbance could be corrected simply by with- may continue to operate, though in a blunted
holding water. In 1959, Epstein and Levitin manner. The explanation for the paradoxical
reported "cerebral salt-wasting" in a 19-year- natruresis is probably this: the expansion of
old girl with convulsions and an abnormal extracellular volume as a result of ADH-induced
etroenceal•• .' Plasma from their pa- water retention increases the glomerular filtra-

tient was infused into a patient with diabetes tion rate and suppresses the secretion of al-
insipidus and produced a transient decrease in dosterone, either of which might lead to
free water clearance and a rise in urine increased sodium output in the urine. Ail re-
oemoality, suggesting the presence of an anti- ports of cases of this syndrome have fallen into
diuretic factor in the girl's plasma. In 1961, Car- one of two categries: (1) intrathoracic disease
ter et al reported two patients, one with a brain or (2) central nervous system disease, either
tumor and another with a basilar skull fracture, functional or structural.6

in whom renal salt wastage was not prominent Our patient was found to have a mild form
but water retention was prominent, thus sup- of "cerebral hyponatremia" during the first
porting the evidence that the syndrome is caused month of his illness. The electrolyte disturbance
by inap riate ADH secretion.5 One of gradually corrected itself spontaneously over a
Carer's patients, while receiving 2,500 ml water three-month period. The Figure illustrates the
daily at a constant rate, had an increase in urine principal features of the electrolyte disturbance.
omolahity despite a falling serum sodium con- During the first 25 days of the illness, his mean
catration, indicating that extracellular fluid plasma sodium -oncentration was 130 mEqliter
osmolality was no longer operating as a control- and his mean plasma osmolality level was 277
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mOsm/liter. The dilution of extracellular fluid oje output probably did occur in response to
would normally lead to cessation of ADH re- Inareased extracellular volume resulting fr.,,.lease and to a diuretic response with low urine negative sodium balance; the presence of a'dos-
osmolality and sodium output. However, the terone was further documented by the fact that
mean urine osmolality was 600 mOsm/liter or administration of the aldosterone antagonist
more than twice that of the plasma, indicating spironolactone near the end of the sodium-de-
the presence of ADH. The mean urine sodium privation period induced an increased urinary
concentration for the first ten days of illness sodium and negative sodium balance (Figure).
was 75 mEq/liter, evidence that the kidneys The Landry-Guillain-Barri syndrome, hke
were not conserving sodium despite the low all syndromes, is a nonspecific complex of clini-
plasma sodium. The patient's clinical appear- cal and laboratory signs and symptoms. It is
ance suggested neither excess nor depletion of inevitable that dispute will arise from time to
extracellular fluid, and the T-1824 plasma time about what constitutes the syndrome and
volume on Sept 25 was normal. His renal and what does not. As more cases apeared after
adrenal function were normal, judged by daily the original descriptions of the syndrome, it
creatinine clearances and urinalyses and by 17- became obvious that the clinical picture could
hydroxysteroid assays and eosinophile counts. be much more pleomorphic than was present,
On the fourth day of the balance study, he was the small series of Guillain, Barri, and Strohi.'
given 300 mEq/liter of sodium intravenously, For example, these authors believed that death
which transiently raised the plasma sodium and should not occur and that recovery should .!.
osmolality to nearly normal levels. These values ways be complete, and it is now weli-kn- •.n
became subnormal again within 18 hours, how- that death may occur and that recovery may be
ever. During the four-day balance period a incomplete.i,10 Probably the most apt definition
negative potassium balance existed, but the of the sy-idrome is the one given by Haymaker
potassium balance became positive and remained and Kernohan in their review 9:
so after oral feeding was started. Moreover, an A polyradiculoneuropathy which may begin in any
intravenous potassium load of 40 mEq/liter was peripheral neurons, spinal or cranial, circumscribed
given on Oct 3, without effect on plasma sodium or wide-spread, may affect predominantly the motor
or osmolality values of plasma and urine, or the sensory neurons or both to the same degree;Water restriction producing negative water it may extend into the central nervous system at any

point, and either ascend or descend, the outcome usu-balance over a 48-hour period provoked in- ally being dependent on the degree of involvement of
creased urine osmolality without changing respiratory or cardiac nerves. Changes in the amount
plasma osmolality. Thus the patient was able of protein and the number of cells in the spinal fluid
to elaborate more ADH under the stimulus of are regarded as incidental to the disorder.
extracellular volume depletion. This conforms The Guillain-Barri syndrome has been re-
to the view that an extracellular volume regula- ported in Cushing's disease, multiple myeloma,
tory mechanism for ADH is still intact to some infectious mononucleosis, brucellosis, diphthe-
degree in this syndrome.5 Water restriction also ria, infectious hepatitis, epidemic encephalitis,
resulted in an increase in plasma sodium con- peritonsillar abscess, and in other types of in-
centration from 124 to 134 mEq/liter, but the fectious disease."' In about 50% of cases the
plasma sodium value promptly fell again when syndrome follows as a "second illness" one or
water restriction was terminated. A water load two weeks after an upper-respiratory-tract in-
at another time (Oct 17) resulted in lowering fection, suggesting delayed hypersensitivity. In
the urine osmolality to 165 mOsm/liter, show- recent years, the idea that the syndrome may
ing that acute expansion of the extracellular be an allergic process has received considerable
volume could partially suppress the (presumed) attention: (1) In autopsied cases an outstand-
inappropriate secretion of antidiuretic hormone. ing feature is marked edema of the nerve fibers

Sodium was restricted to less than 3 mEq/ of the spinal roots and proximal portions of the
liter daily for 16 days (Sept 27 to Oct 13: Fig- cranial and peripheral nerves. Cellular infiltra-
ure). During this time the sodium output in the tion is minimal. Hyperemia of the meninges is
urine gradually fell, finally reaching equilibrium often found."'.I (2) The syndrome has been
with the intake after eight days. Thus, aldoster- known to follow the administration of anti-
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TADLE 2.-Heagglitimatim Inhibition Tests-Group-B Ar1,, .4,u,:es

a I T5wm of Som Determined Umnultaneously and Zzactly the Same Labwatory 00d6"imm

1s8001e30 St. Louis West Nile Rum. 8pr.Sum. Deague Demnue

rack Ceaenod Remana Rua"Pbetia • E0e, l.ttis Eneephal•us Encephaldth 1 2

I 74041 Yellow fer vaecltinm 10 (C" U2) 320 320 so U 0
$.am2 10 (CV >12) 6,120 2,M60 640 W40 W40

-.14t Dismse onset 9-1441 640 (CM >12) 640 1.30 2,A6
10W 41 1,230 (CF >138) 6,120 20,480 8&120 S.1?.

othm. •

2 M"104l Yellow hever vicctuation M20 640 Go40 M me
0-1541l 640 2,M0 280 640 2.20 Ws4

"6404O 640 640
8 74041 Yellow lever vaccnation 40 80 160 40 40

8.1541 40 160 160 s0 s0 FJ
10-441 40

4 7.1041 Yellow fever vacefnation 40 640 N40 U MU 160

-1141 320 O0 on M an
10.441 is

3 7.6041 Yellow fever vaecnas ion 10 10 20 10 10 10

&U1-41 20 20 20 10 10 I@
1W-441 to

CaOmpmmt fxastio, Uter.
t In modt nsteeea out teat wa repe•ted one or two tmum. Tte teehnlque usd hr tOw HI tW a bom Isepeted s t .

rabies inoculation, typhoid vaccine, tetanus anti- parent in the complement-fixation and
toxin, pertussis and antipnemococcc vaccines, neutralization tests.$ The cross-response is
human serum, and smallpox vaccination. In one more pronounced after a second infection with
case reported by Kisch I the syndrome followed any of the group-B viruses than after the first
smallpox vaccination in a woman vaccinated infection.
twice before who had a severe "primary take." The HI antibody titers in our case show a
(3) A disease called experimental allergic marked immunologic response to the group-B
neuritis has been produced in rabbits by inject- arboviruses. On July 10, 1961, our patient re-
ing them with rabbit sciatic nerve or spinal ceived a vaccination with 1 ml of living yellow
ganglia. This disease has many of the clinical fever virus type 17-D, which, like JE, is one
features of the Guillain-Barri syndrome in man, of the group-B arboviruses. At the time of vacci-
and in addition, there is high protein and low nation, the patient's HI titers were moderately
cell count in the spinal fluid of the affected low (Table 2). On Aug 15, one month prior to
rabbits.,' (4) Finally, complement-fixing anti- onset of paralysis, the titers had risen two to
bodies to human nervous tissue antigens have sixteen-fold. By Sept 16, two days after admis-
been demonstrated recently in patients with the sion, the titers had again increased, and two

* Guillain-Barri syndrome.1s weeks after onset of illness (Oct 2) the HI
There have been few immunologic data to titers were 32 to 128 times the July 10 values;

support the theory of a hyperimmune or hyper- the HI titer to JE virus was 100 times the
sensitivity response to some agent in the Guil- July 10 titer. The patient had been working
lain-Barri syndrome. In 1953, Boshes and closely with group-B arboviruses until onset of
Sherman reported a case in which the patient his disease in mid-September, with the possi-
had had the "flu" three months before and again bility of repeated exposure to them. Indeed, JE
two weeks before the appearance of his paraly- virus was cultured from his throat at the onset
sis.10 Viral complement-fixation tests suggested of the paralytic illness.
an anamnestic response to influenza antigen. Table 2 shows the HI antibody response of
Casals has shown that within the B group of four technicians who were working in the same
arboviruses there are immunologic synergistic virus laboratory and in as close contact with
group responses following natural or artificial the group-B arboviruses as the petint. These
infection, especially pronounced in the hemag- technicians received 1 ml of yeliow fever vaccine

glutination-inhibition (HI) test but also ap- on the same date as the patient. Their titer in-
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creases of zero to eightfold are of the magnitude Two tests which might be applied in any given

expected after such a vaccination, case of Guillain-Barrf syndrome with a sus-

The possibility was entertained that our pa- pected allergic etiology are the Prausaitz-

tient's illness was actual clinical Japanese Kustner skin test and an assay of serum

encephalitis, but the following arguments led complement such as Lange et al used to dis-

us to reject this idea: (1) His clinical picture tinguish glomerulonephri .! from other renal

was decidedly one of a polyradiculoneuropathy diseases. 1' The former might detect skin sensi-

and there was no evidence of encephalitis. (2) tivity reagins in the serum of the patient and

In vivo mouse neutralization antibody tests per- the latter might indicate a widespread antigen-

foamed on serum of July 25, 1960, gave a antibody reaction with utilization of seran

neutralization index of 3.7. This highly signifi- complement. These two tests used in conjunc-

cant figure is evidence that the patient had tion with determinations of antibody respornse

profound natural immunity to JE virus one year by standard serological tests would permit the

prior to onset of his illness. (3) Complement- presumption of an allergic etiology in any par-
fixation tests performed on the patient's serum ticular case. More critical techniques must be
show that a fourfold rise in titer to JE virus applied, however, before allergy can actually be
had already occurred one month prior to onset proven to be a cause of the Guillain-Barrf syn-

of clinical illness (Table 2). (4) Cerebrospinal drome.
fluid, taken at the same time the throat culture
was obtained, failed to yield JE virus. (It should Summary

be pointed out that attempts to isolate JE virus While working in the laboratory witll grout
from the spinal fluid of patients with obvious B arboviruses, a Taiwanese laboratory tech-

clinical Japanese encephalitis have rarely, if nican developed an illness indistinguishable
ever, been successful.) If only laboratory cri- from the Guillain-Barri syndrome and at the
teria were used, we would have to diagnose in same time was observed to have the so-called
the patient all the group-B arbovirus infections cerebral salt-wasting syndrome. The electrolyte
(Table 2). He may have had infection with JE disorder was studied in some detail. It was self-

virus, but we feel he did not have overt disease limited, improving in conjunction with defer-
caused by JE virus. Infection is not synonymous vescence of the patient's acute phase of illness,
with disease. and lasted about 20 days. This disturbance has

It is impossible to reach a firm decision not previously been reported to occur with the

regarding the actual cause of the patient's Guillain-Barri syndrome.

neuropathy: infection with JE virus or hyper- The patient had extremely marked hemag-
sensitivity to the virus. We interpret the follow- glutination-inhibition antibody responses to the
ing sequence of events as presumptive evidence group-B arboviruses, and especially to Japanese
for development of neuroallergy which was encephalitis virus, which increased one hundred-
manifested as a polyradiculoneuropathy of the fold in titer. It is proposed that hypersensitivity
Guillain-Barr6 type: Our patient had repeated to the'group-B arboviruses may have played a
antigenic experience with the group-B arbo- role in the patient's illness.
viruses; he acquired at least one of them (JE This study was supported in part by finding under
virus) as part of his pharyngeal flora; he de- Public Law 480, Section 104(c).
veloped extremely marked antibody responses
to these viruses. The yellow fever vaccination a and Trade Name. of Drus
two months prior to onset of clinical disease Proti hydrymsates (inttavenous)-Amigen, Amino-
may well have provoked an anamnestic anti- ol, Hyprotig Paremmine, Travamin.
body response to JE virus as well as to all the Spolactone-Aldactone-A.
other group-B arbo',,iruses,16 since he probably Corticotropin-ACTH, Acthar, Corticotropin

had inapparent JE infection in childhood (there REFERENCES
is immunologic evidence that 97% of adult j. P.. et ah Salt-Wasting Syndrome As-
Taiwanese have had JE-virus infection in child- sociated With Cereal DiSee Trans ASsin Amer

hood). 1' uT63:57, 1090.
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